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Abstract of JP2001298439 

PROBLEM TO BE SOLVED: To provide a 
method for deciding a channel characteristic of a 
channel 'CHANNEL' between a transmitter TX 
and a receiver RX. SOLUTION: A cosine 
modulation filter bank DWMT MOD of the 
receiver TX modulates the waveform of a 
prescribed periodic signal for a pulse amplitude 
modulation symbol with a transmission pulse 
amplitude modulation symbol, the modulated 
waveform is sent via the channel CHANNEL. A 
cosine modulation filter bank DWMT MOD of the 
transmitter TX demodulates the waveform from 
the received pulse amplitude modulation symbol, 
combining of a couple of the received pulse 
amplitude modulation symbols forms the received 
orthogonal amplitude modulation symbol, which 
is divided by a prescribed transmitted pulse 
amplitude modulation symbol which is regarded 
as a form in pair with the transmitted orthogonal 
amplitude modulation symbol. Thus, a sample of 
the channel characteristic is generated. 




Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=JP2001298439&F=0 



3/9/2007 



<18>B*HHWB? (JP) (12) & If) J£p & $| (A) Ul)ftfftlUH£JI»* 

#112001 -298439 
(P2001-298439A) 

(43)&R3B ¥fi&13¥10J!26B(2001.10.26) 



(51) IntCl.' 8KBiJ"ia# FI fW(#*) 

HO 4 J 11/00 HO 4 J 11/00 Z 

H0 4L 27/38 H0 4L 27/00 G 



»*jg0»5 ol nai&mii (£29H) 



(2i)mia## 


4<H»2001 -41278( P2001 -41278) 


(71)fflSBA 


391030332 










(22)fflI8B 


¥£13^ 2 £19 3(2001.2.19) 




75>XH. 75008 








IH 54 


(31)«5fc|8331#^ 


004006 20. 1 


(72)|6W# 




(32)ffftB 


¥*£12^3H 7 6(2000.3.7) 




^;v^-H» ^ — I200«7»j:iyi:;i'. 


(33)«ife*83iKH 


BW«#tfJr (EP) 




7Z?=J- • Hi • jtjT.T-^ • 73 






(74)ftHA 


100062007 








#s± ;iip ait W2« 



(54) t56Wo**W ? 1 **;w$tt£ife?&'T*m 

(57) [Bft] 

[US] Siflt»TXk*«»RXOiaiT. *+**C 
it. 

3M»TX^8ail7 4/l'*><V?DWMT 
MODKioTtWBTSMSiVttJO, *fD»»HU f- 
**/UCHANNEL*rt-LTja«S*l4. gflSsRX 

& $ ft S i*fi Ufc J5rJg*V 'CA'X MBOI is>#Mt X -? 




i(2) 00 1-298439 ( P 2 0 0 1 -Gch"y 3 9 



immi] mm <tx> t%m <rx> oh 

t, f+^KCHANNEL) tfSJBgSitfc'*--**^ 

b. KTiSiMflSI (TX) to&HgM? < WO? (D 

wmt mod) izts^T. msMwv^xmssm^ 

c. ®rie«9g&. ffiEf-V*^ (CHANNEL) or 

tx. fffie&jgs (tx) ^ittEgfi* (rx> tie 

d. liTiaSfiS (RX) c7)^3^pl7^;l/^Ay^ (D 
WMT DEMOD) HS^T, flEWft6>6Klt'W 

mmisy#)i>*m\L. -huh 9. fflfaugsfut 

g. l?iSiiSSii3tf-v^!|ftt«oi5iB- , fvr^Sr3t7 
1ST I. i o lzm&Ztitzi&&g.m7 4 iVf^y? ( dw 

mt mod) imttzm^^-yv-yh^iv^-v- 
ymnan (tx) t»->t. 

x-yi^-yhV^f-h-^aeS (TX) # 
$ ^>tc. •''W-xglfll^flli/.y #7U5g£g ( P A M S Y 
MBOL GENERATOR) SrffitTfeO, at 

Ml^m^my <t ivfjiy? ( dwmt mod) tfn 
XT-- m^tixa 9 . mi^iuxmmm^y ^ 

H£Ss(PAM SYMBOL GENERATOR) 

(dwmtmod) KJoi&.fc'M;: 
WV-ymttM (TX) . 

aaw i><k cwiss ss?5®ai 7 * a* ( d 

WMT DEMOD) Sr«;tfc«K?x-7V-y hV/U 
^-b-VSftSI (RX) t»-)T. 

frieaifjc7x-7v-y h-^f-h-yses (rx> # 

*>HfO «lltX«WSm^>sK^*JBl«W-*fett^ 



SBaB^^yPSriMBU. ■fch.fci'J, iMflS (TX) b 

mmfo^x-yv-v h-?>^h->^m^ (rx> t 

*l*f-**/M CHANNEL) OJt5£$ft£f-\*;M» 
W&.m>T)Vimith 1ztb&£&k Zffit 4 £ t * 

»ak"f*«lfc'>x-7*U>yhV;H-h->'SJg» (R 
X) . 

ft« (RX) #§4>fc. ffi7-'jx3Sft8£«;lT:l3 

- UxjdEJftti i p ClftSSirO* £ k £lf®k * 
I. tt^4fcf2fJOttS^x-7Uyh'?/H-h-y 
Sm» (RX) . 

[000 1] 

*ro*8if[7x-7U7 bv/^h-y&fisst , if 
*«4 nmmm-cMfeztix ^sjttt? 1-/1/ ? 

h7;kfb-^iSttm. MflSSkgflSfffiJ: 

O*. 
[0002] 

ih&wwm Tistimx&mwiSittzimfeti 

ttfliWWMi. *#E r i c HedlundkTom 
Cul 1 inanCiSItt r DSL Loop T 
e s t j 4>*VO*. 1 9 98^8 

fl240^ii r fl^7 : f- (Te 1 epho n 
y) j <34 8~5 2^-^fc*ftft$ivC*$ l 9. £?7P- 
7"£}fc£L, f^ftxDSL (ffigfOT^'^^JPA^ 
48) W-t*x£*(a;l^T*tfLTtieW-4SBttfc 
fSHLO*. ^-n^t«tO, n-K3-f/H5>7*'J 
•y xh^ -yTXrir^W^MSrattflrt-ii , 

ttz. jsmmmtzuw^m^ycom^m^tiz 

L. 5M»{C3lJ»Pft«0^«yr (f-+*/H$tt£tWk 

[0003] ftl^TV^f-Tr^/l^ffKtBtt. M«» 
tWSII4^£Cj:ti. ±»Wlfcfc r D S L Loo 

p Te s t j xu. *&mx-cr)*m&mZ'Smtt 



^m s mpmx\ mmzw-mm*^hm^ 

[0004] 

mtz\m%comitx'm«<nwkWLm*mt*tf. m 

ZtXfot. 
[0005] 

wa. mimix-ffizztix^hmfeztitz^^iv® 

m-m4lZ£-oXtmZtlX^Z>M!$!l'7x-7 r )s>y h-7 
[00 06] ISR. JtUf/x-rU'-y hV/l^-h-y 

(dwmt) mm&tmm<7x-7u-v Y-^^v-y 
( dwmt) gm&mx'&mztitz. jwxmmm 
(pam) jajad-tcstu K/^assas (pam> 

ffiBSn (QAM) ^>^*flWtt4t^oiWWi» D 

xisn^ii ( p am ) ^y#;ujfi^»&«i6we* o , s 

ffifMBTtt, SWt^^JHKSH (PAM) s^tf* 

»**fcSft^J6*8ML^W;MHISll (PA 
m) isy#Mz£r>x#mzt&lftLii%t>&\ zti 
(i, DWMTSfiSST—ffiKcfiJfflaJ^r^^^fi^ 

m ( d s p ) mmz x -> xmm i z t m * 9 * 9 
x-hh. 

[0007] m&*ir*hi&m :t J9)i'T-9WLfcM 

SOx-rW-yh^H-h-yDWMT^ftSgtSftS 
£teffl-f i^fcli. l^O. van de Wiel. 
L. Vandendorpe, fcilXM. P e e t e r 
sCU!tt r Discrete Wavelet M 
ultitone for Copper LineT 
ransmissionj tnf£t8£il"0'»3>. Z<F>tk% 
(i. 1 99 6^1 2M 1 lEItrvhy-TT'IEEE 
Benelux Signal Processin 
g ChapterCioTil^i/y^A. 
A NewTool in Signal and I 
mage Processin gW/Qy-f-f /'Z 
■"Wavelet Anal ys i s : A new T 



) 001-298439 (P2001- 53 9 

oolin Signal and Image Pr 
ocess.ingjt^WtW DWMT&fl 

*JB5fcftJ£*6dfcfc^L-0*fl:K And 
rew Bruce, David Donoho, tiJ: 
tfHong-Ye GaoiSfftJ)^ r Wave 
let AnalysisjdJIiriEEE Sp 
ectrumjO1 9 96^10^tlS$il, JE 

xiiMix^htf. m%.MiuzwmnPAvi)m 
mmc?m%.%w. o a ^ t ^ * - tv •> h 

msnmi. wzmssm <p am) ^y^/i^wc 

[0008] UMBHTflBBl/O** rf^j fcv^ffl 

©Afc e tVBSriltl>^aj fc^a«S«0«Hli. fi§)£ 
gfgA fc B ffiMfhtt ZSiWlzmfcZtL&Kt T»i=Sr 

[0009] mmz, ^tm^m-mmtx^h ^ 
mm-&K*x'te%\. > i fc tciKK stut ^. us**-» 

T, rggBttteSiufciaAj kv^*«W«H 
tt, §SfiA<7)tW]*\ SHB<7)A^KSBSigi8l$^TV> 

jWWftf* vl fcti. Atf>a}*i BWA^I^ISItgK*^ 
[0010] *W»cJ:*. *SSii*:*+**4Wx* 
[0011] ,r<0J: 3 itSS<i/if-ir*/Mttt^- 
[0012] W^HtcRljS LTK *)?JtlfcmmB<r> 

aTcomn£®m-iztiz£~>x. ^mco±.mcos 
mmmxx/m^mt^mitxmhMz^ , * 

[00 13] 

AM SYMBOL GENERATOR. ffltmiSt 

WMT MOD. fcitXrV^^T-tn^MsD/A 
VAX*- T>J9)VT1-n?^MsV/ 

Xtimtx-yUv h-?)U1~h- ySftSs RXi: f)fa! 
T'» S3^mMtaCHANNEL(C*g^$iXT^5. ^<7) 



!(4) 001-298439 (P2 00 1-53 9 



UP>x-rUyhVA^-h->flBWIDWMT DEM 

od, ttmmetftnp/s. i^tm/i^n^n^ 

y^MI-fisPAM SYMBOL DECODERS 

m-^HPAM SYMBOL DECODERS. 

SYMBOL I INTERPRETER. Tt3£KM@Sai 
^>-^;kH-fl]HQAM SYMBOL DIVIDE 
R. fcJ:WII37-yxfiSI NV FOUR I E 
R TRANSFORMER<oa**-K»&£8tt$ 
*IT^*. W3IiK7-'JxaaWSINV FOUR IE 
R TRANSFORMER^}^*. *iifc , 7x-7V 
•y hv;^h-ygfiflRXtcM-ri»m2tti^ffi^ t L 

[0014] ii*tfMBrf^+. 8lf&7x-7b -y h v;H- 
h-y^MSDWMT MOD(2. £<0&JBT\ 111 
CiiHSL-OvfirV «ft >7 x - 7 V -y h v/tf- h - y iS 
«»TX<0A*fc:*JV^'C5e«Lfe. /wxmsi (P 
AM) 0>&lMLiZTVffrT-f£$Btt&. zfih 

xn-u?mmz$mzti. ttfs$scH anne l£:A- 
w-aamsa.*. Bi^x-yw-yf^/H-h-ySfi 

SRX-Ctt. gffiLfcd-fti. Tfo/'fy^/^tS 
A/DtCioT^yT-^Stt, !ltfc7x-7U"y 
f-h-vail»DWMT DEMODt «k-?T, 

fei/VslOWi. M?iJE?'J^«l2IP/S{cJ; o-CHWtS 
it, ^VUXJIfi^pv'yTn'.'HS^PAM SYMBO 
L DECODERS-oTffi-fSftT. ^f£ffi7j£ 

[00 1 5] i*fI3!TXfc';gft£RXi:<Digt\ 
/l/CHANNEL<7)f-v^;l/^HxS:ai^-tl.7t«>lw. M 

flKv^^MBeii (pam) f&itisytffrT'imz 

*h-V&€&TXi:»|ffc'7x-7U-y h^H-b-V 
gftfsRXfcOiat*. f-v*;l/CHANNEL^LT 
jHftSiii.. MfflwBrjgK/kxfilBSi (PAM) i,y 
Jtf/Wi. /NVWXgiti^fflv-y^^fSPAM SYM 
BOL GENERATORtCjoTJUJPWlS&tS 

ffl&DWMT MODK:J:oTSSSS*l4. gft&RX 

•wi, b->-fipsiDWMT 

D E M O D fc AV^Jg^iS^ y tf/Mt^fsP A M 
SYMBOL DECODER*'. -Hl-^il. iBIfiDT 

t>$m>wxmm$mi'yx/\'£%mi. twxmmsE 



SYMBOL I NTERPRETERt&JSSfi.. Z 

tin. ftnm&ap Awii'y#)i'Zm*.&i>itz qa 
- aiim& nmtmnmm-t vh*m<z.tiz£r> 
(m-t) (aisBftdnrcii. Ttt-tyr^BHffltaL. 

k(ik = 1 M(0Mi) -COf-ir^UOJS 

Hi. E3Sfiile^ii^y*'/Hi-S | ]§sQAM SYMBO 
L D I V I DERIiZ£^>Xffifrtl&. KDttWfflte, 
»t L£ P A WyyttJVZnnmzl&Klsbikh Zttz 
£9. aSaHKOW^y^MWRISQAM SYMBO 
L I NTERPRETERCioTfltlSSiUrQAM 
^/^jHKaS^>sK/l^»PAM SYM 
BOL GENERATORS -5T&£$iX. f-Y* 
7H*«f+»t*- FTWBfcJWHWlcSai LfcJ9rS&Oi8fi 
UfcP AM5/>'.-K;P*#<0Jgt2l*-&*rfr4 <! t (C J:-? 
T^BStL^QAM^y^/UCio-C^WI) . Lfc#o 
t, f-**;Wa«SU6SF I R«9M<I<Wy7"/U±. E 
aaSS^i'yjfrl^MSQAM SYMBOL DI 
VIDERti-jTtWSflS. B$Wf+*/My 

BgF I R<7)MmWy7°)l'Z®.7-ijX.%.WithZt 

f-h-y»i»RXCtJttS, *aG87-UxS3ft»I 
NV FOURIER TRANSFORMER^^ 

[00 16] ±3iLfc?-Y*/l'CHANNELC9?-Y* 

-ymm&TxtM&7 jl-7u v hvn+h-ysm 
SRx^ia-cafiLfe^xfaBew (pam) Bums 

#C*fL. ^t/l/XfMBOl (PAM) ^V*/WD**f 
tt. «*6«a**lfcf-**il^>JW(«k/ (M-T) 

HSU (QAM) isy#)VZfofcth t^o wmizm^ 

[00 17] 02Cc^fJ:atC, HWi-7'1'7 hv 
— y^SDWMT MOD{±. ^$* J N=2K. 
M (KJiSmffi) tt)5M»0F I R (*R8^ WNVUX 
JiGS)7^;^f p [n] ^^rifcMRtc-f^-h 

(decimate) Silfe7 -f ^^^'y^^Bfe^ 

3WS»RXT«. JKaJ^x-yu-y hv;^b 
-y^SSHDWMTDEMODti, 7 ^ )l>9tf-&J$i? 4 
M-ffMrf-iSayh, [n]=f p [N-n-1] 

This 7 /u^y^«jMff»4HcJ:-9TW«**i 
Mfflo-tfyr/i'T'&lK Mfflw«/Px»(Bai (P 



!(5) 001-298439 (P2001-=3 9 



AM) is>#rl>\ m 



, (P = 0, .... M-wmi tfXth. 

*» M-l 



■ft)- 2 J Tl° f p [n-mM] p(t-nT) 



0) 



cooi8] #BjwMrai, -mmzm-tz . 
[ooi9] Tteyyyv>7®m 

p ( t ) <i*§IS|AVP* 

f P [n]lip#B«a«g^J«7-f/^ 

H2tc5rri dt. fi#s ( t ) a. 4 yn^xjEgc 

r(t) -s(t)®c(t) + n(t) 

M-l *a 



(t> k, %mn\ft\,z&^xmtetitz®%n 

(t) ktJ:oT*'9 f ^S<t4ifcC'5r*f-ir*/UCH 
ANNELfcrtLTiiHgSflS. LWoT. «H»D 
WMT DEMOD^A^T'Ofl^ii. fctflj: 

[*2 3 



2 , ? f p [, - ,nM1-c(t - IT>+n(t) « 
-22 1 "* B p^ (t - niMT))+,,(t) 



[0020] tfBJMMmi. ««WE*«B"t*. 

[0021] 

[S3] 

® 

2KM-1 

W>- |fpO]-c(t-rr) 

[0022] gfifflxmsfif^yjiOK 
terrsaisiifc p am-/ y^-owi. t^mazymx'h 

0, Lfctf-oT, it^mC^L 1 » p = 1 p X'hh. 
M^c ( t ) ti. fflJH#MTC\ 

c*"(t). |c(t-mMT) 



c ( t ) y^>vxm"g 

gp . e q ( t ) {JiXWJ: $C£«S*Lfc*£?-**;u 

[Sc4 3 



(3) 



[»5] 



(4) 



[0 0 2 3] HW-t^yt-^H^^a ytt. 



CO" |g P ^(t-mMT) 



2KM-1 



J (t-rr) 



[0024] jai(4) t (5) fcio. aaasDWM 

T DEM O Dcr>AJ}X'<7)iE # (±, <X<?0J; 3 fc**. ^>ix 

M-l 



r(t)-gl p -g^CO+nW 



[00 2 5] flj*r (t) tt. fflaSRl/T-CiaWIJWtC 



[ft6] 



[»7] 



(5) 



(6) 



[»8] 



!(6> 001-298439 (P200 1- 39 



x,[n] - r(n'T) <g>\ln'] + n(n'T)® h,[n'] + Tj„[n3 



U) 



[ 0 0 2 6 ] *fflm?i±. [n]li. 7-f;P^h 

1 M-l M-l i-j^J 

* ,w "M.'S 1 »A G=;,M ' e M ® hatn ' 1 



T)li, M.^{i«t7-'JxSmtJ;oTSBfrr 
[»9J 



[00 27] ite*T» H q . k 0t, 
[ftl 02 

z » e M 



[0028] 
[SI 1] 



:i 2] 



e » ®h q [n']-H q>k -e M 

( 9 ) *D«HWWR£ttffi'$-6 i t Ki'^T. S ( 8 ) Sr 

] M-l M-l _„_ 

[oo 293 gp • » p , eq [k] a, ftj^jrr [mi 3] 

2K-1(U1)M-1 

gJX,(nT)ot; V f„[l]c teW (iiT-rr) 
13 ran 



(9) 



(10) 



- idft^e 



DrT^-DiTte" 6 ") [n] 



*"))[. 



[0030] *gj*npctt, d f T(ijsii*7 - >j xsgji 

£*U D FT i Ji, ftgtf i M*>4> ( i + 1 ) 
M- 1 T\ -ty7VK07D -y 7 TBS 0 Ail t>i\tzMffl. 7 

-t/xsarc**. ^ ( 1 1 ) «*7-yx3$i£jR 



[»14] 



G!l[k]-DFT(c w,i )[k] 



/2K-t \ 

■ |dFT, ((,)[«] 



(12) 



[003 1 ] A 
[ftl 5] 

g DFT, (f p )[k] - F p l e ^* 



T\ F p (z) (if p [n] £7)z^T'$>l»;t(cSS 
•fiifcHJoT. C k #C k =D FT (c* 0 1 d ) 

[k] ifmziix^hCiffmtevznvmsMto 

[SI 6] 



1 M-lf/M-l \ j-j— 



C k +T).[n] 



(13) 



[00 32] 



»T\ ^fEF p . k (i. H p , k t 



[0033] #W7 -r /I^A^Ojfcftte. H^mM- 



yN>7i0q#g<7)7"7yf-(7)m#g<7)ttJ^(i. it ( 1 

4) Ki-jT^ifeii*. 
[ftl7J 



1(7) 001-298439 ( P 2 0 0 1 -%Bf«g 



'm 




/M. 



(14) 



[00 34]5£( 14)tf>$ajl±, 



[fitlS] 



1 M-l 









2-ffl 




+ F |M> '^0 *Co + F *M/2 * F «fcM/2 #C M/2 




v ) 





(16) 



[0035] S^K? h/PfcjaW* i tlwJ: . 
[ftl 9] 
x-[X B x, - x M ]' **tr 



[»20] 

x«9t-c 



(16) 



C- 



C, 0t(C,) 3(C,) «(C,) 



[ 0 0 3 6 3 SU 1 5 ) OMffl<73^«<0-fe -y Mi, & 

fb.F,^. j-« 



[0037] *BH«l*T'Ji. 
MK2 1] 

91 

HK2 2] 



M 



2SW(b l F' 1J ), j-21-1, 

M 

- 290), • F ♦,,,), j - 21, 

b M F M> j-M-1 

2 S 



(17) 



[00 38] 
[R23] 



1 Kg 



91 



(18) 



[0 0 3 9] UztfiX. 
[»24] 



9t 



i§£, C f o i d [ n ] {4> ^ 7 ^^f, t 
[»25] 



[826] 

91 

$fcffiC k ( k = 1 M- 1 ) £3%±U MfflO 

old [n ] fcfl**4fc*>t;:Mffl*>ttC k 

*>IDFT£fcS£fcCJ:r>T. SfiSRX-CtW-fS 
[0040] HRC. RKti^XrAti. ^h^C 



!(8) 00 1-298439 (P200 1-ii« 



mm^ztiztizjanxmrnn^tix^m^. % 

T*6 . #£j£7 -r A* f k [ n ] 14, fH£tsSBKiii7'n 
h:MT<D£DI|h [n] t=J:->T. <JW)J: 3tcfc4. 
[*27] 



fjn] - hln] A |— • cos to k (n + 8 k ) 



(19) 



[004 1] mmt* 

[R28] 



F k (i) 



■His 



T'£>4. 

[0042] aWHWCtt. 0 k (4, 74)\f9KV9<n 

47*14, N = 2KM<?5"^yr;KOfiS*#L. K(±SSt 
flaws'-? 7 r7 7??fcB¥Jf*U 4fe*ffi*Wr«0 
t«h[n]=h [N-n-1] T'$>4. S^fcTnh 

tt£3tt 4 7 -f A-^^y? £&f|-T4 <I i: iMtiiXh 
4. ISA. -»WtS 4l^j£7 <)V9<nx^9 WH#ttJ4 
*fflfc&4. z3Sft£ft4 *«J:dfc*i 
4>ii4o 
MK2 9] 



• HCtt*"' ) + e - * 1 • H(ze _j " k 



)) 



(21) 



H k (2)-F k (z- , )-z- (N - 1) 



[0043] *gttHroi, 

[Sfc30] 



H(z)-yh[ri]z- 



(22) 

[0044] ffiaSBftTD b 9 4 rtmmva&to 

x\ *^z3ga«±. #-na±-cawi«fet^4 . 

[»31] 



H 2 (eJ B )-|H(cJ e )f-e-* N ' 



1-1)6 



[0045] ±.^x-d^tm.nxhh . 

[ 0.0 4 6 ] 3SKJa«R*/2MJ: v\x*rt^F- 

[ n ] {J, *<9f?±#^*^£*4£fcfcJ:-jT* 
|H(e*)f 



(23) 

[»32] 



H|e JlM 



||emod2aj>^6j (24 ) 



[ 0 0 4 7 ] F p , k O/hSv^fclHSU fflm®T 
QhrMrolfft (23) Sr**T4itK:J:-3T, S 

X ° =i-lo-F 0 2 (D-C 0 
M 



(15) £&<94 o izgzm-fZttfX'Z 4 o 
[*3 3] 



M 



M 2 



Hi e"™ 



. 2M 



He 




!(9) 001-298439 ( P 2 0 0 1 -+BSS 



[»34] 

(N-l)« 



H (QAM) S^jK/W*. 5tQ k = X 2 k - i - j X 
2k . k = l M/2-lfc£ll£il.|>*g 



8^-6. 



2k-l 



2M 

T**. aaiLfciassBHH (qam) 5/ytf7i^z 
k = i2k-i-Ji 2 k t^isii. »we£fi«Be 

X, -^l,F J (l)C 0 

M j 



M 



1) 



<L * (2 5) tt, <X<v£olz 
[I&3 5] 



(26) 



Q k - 



M 2 



HI e Ji " 



[0048] ^ (26) 0)Z0)B8&>±'yhlt. fflgflfll 

#fc**U %W (2k-K 2k) (k = l 

M/2-1 ) iE3SSi|§^il (QAM) vytf 

£*ifcL JBaaRk/MTTOf-v^/PJBiR 
ftiESFfcJ: oTEHEtJ J:l^«aiS<i. l«7o h ? 
4 7*fctt# 1 5 7 r ? 9 C X o T X *r->l> $ ill. C b Z 

[0049] 74frfrt>?0>z0fflt.ii.. mmmt 

77?3-i»(Dirac comb) iT'W^ 
<5£(24) KJ:-aT*SitT^4^' 
«*J J: V4Wf 7 4 /WW*? WHBJRttli. SUM* 

<7)®m®t2 7tk/M<Dffifmma. ic^7 * f 

2 k - i t f 2 k hi><nX'h 0 . ±H*«f 7 -f /P? 
h 2 k - i i3<kl^h 2 k t^m-iztz^mttz. z 

tite. i"y#Jl>Z k b Q k 1)K & ( 2 6 ) -CMffitfltfe 
ilTU6a**RBW«.. Lfcj&^T, * (26) Ji, 
■*BB«(C3RS=flrtt#* I f-r */USr^ LTilfl^il, «1 

Sc f °'i [n] (n = 0 M-l ) £SJl5£ 

■f*. mWWr*j£«:4i4. 41*. ftPSsDWMT 

DEM0D^tB*i4ffl***>s*i'C.-KaeaEsai (Q 

AM) ^>-;iOPQ k fcJMW*. &Wt\ Clil^cOSft 
L/c Q A M i/ y ;|0Wi . iifl L£ ^ > «t o X 4MB 
iCBfiffiSM (QAM) ^yjfrUfcJMrSft.. - 
^7T^f(Ci-jTX4r-/P$ifCft5eCk (k = 

1 M/2-1) 4. DCfc,£t/:M* 

X hfl!&S£tt. * ( 2 6 ) <0*J«>W2*CJ:r>Tft* 
S*l*.*»fc:. M£Offi7-!JX^£^**/MgS 
RBK(C» LTHSfi LT . 7 * ->V */M VfVVX 
JES£f#4. 

[0050] JJETti. ADSL (IWTOWS^/HW. 



M 



[) , SDSL (raJWrS^HnA**) ^rA, 
HDSL (SHKt^/UDA*!!) WfA, VDSL 

TttS»«r^*aMrCflW$<i4 D S L ( r^Mn 

Mm) mstz-o^xmiLtitf. mgtcto. ?ov 
t. ztizirLxr- 9 zmm-ms, *mi&. * 

[0051]$ &tc. xftwemmmi.. mx\ tt 

[0052] jjui, xmicoimizi^x . ^O^S 
<wz?g-r. ^m<r>^mzm%thmx'm^zt 

[Hi ] ♦WWcliWWi-TV-y h-e^f-h-y 

hv/H-h-^sassRxosat 

[02] HCi L^*^HflO*MMOSigi7 x -7 
U-yhVy^h-y^PlsDWMT M0Dtfiit5t^i 
-7W hV/H-h-yfflflSiDWMT DEMODT' 
-e-n^ii«ffl$iil». S^ctCr^-h$iX7t7-f;^ 

RX 81l*7x-7l/7b7/H-N-ygfi£ 



(tl 0) )0 1-2 984 3 9 ( P 2 0 0 1 -Gch7iifi$ 



[01] 



tx 



pam 



S/P 



DWMT 
MOD 



D/A 



- 62 0 - 



p/s 



DWMT 
DEMOD 



QAM^>m«, 
«JRH 



QAM 

Iff* 



inv 7 - x 



A/D 



RX 



Fig. 1 



[02 3 



-^Jmt]— > 




Mi 



M+ 



Fig. 2 



(til) )01-298439 (P200 1-Gch7 3 9 

1. Title of Invention 

METHOD TO DETERMINE A CHANNEL CHARACTER 1 * TI g f AND DISCRETE 
WAVELET TRANSMITTER AND RECEIVER TO PERF QPM THE METHOD 

2 . C 1 a i m s 

1. Method to determine samples of an estimated channel characteristic of 
a channel (CHANNEL) between a transmitter (TX) and a receiver (RX), 

CHARACTERIZED IN THAT soid method comprises the steps of: 

a. generating a predetermined periodic signal of transmit pulse amplitude 
modulated symbols; 

b. modulating waveforms with said transmit pulse amplitude modulated 
symbols in a cosine modulated filter bank (DWMT MOD) in said transmitter (TX); 

c. transferring said waveforms from said transmitter (TX) to said receiver 
(RX) over said channel (CHANNEL); 

d. demodulating received pulse amplitude modulated symbols from said 
waveforms in a cosine modulated filter bank (DWMT DEMOD) in said receiver 

(RX); 

e. combining pairs of said received pulse amplitude modulated symbols to 
form received quadrature amplitude modulated symbols; and 

f. dividing said received quadrature amplitude modulated symbols by soid 
transmit pulse amplitude modulated symbols considered pairwise as transmit 
quadrature amplitude modulated symbols to thereby generate said samples of 
said estimated channel characteristic. 

2. Method to determine samples of an estimated channel characteristic 
according to claim 1 , 

CHARACTERIZED IN THAT said method further comprises the step of: 

g. inverse Fourier transforming said samples of soid estimated channel 
characteristic. 
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3. Discrete wavelet multi lone transmitter (TX) comprising a cosine 
modulated filter bank (DWMT MOD) adopted to modulated waveforms with 
transmit pulse amplitude modulated symbols, 

CHARACTERIZED IN THAT said discrete wavelet multi tone transmitter (TX) 
further comprises a pulse amplitude modulated symbol generator (PAM SYMBOL 
GENERATOR) whereto said cosine modulated filter bank (DWMT MOD) is 
cascade, coupled, said pulse amplitude modulated symbol generator (PAM 
SYMBOL GENERATOR) being adapted to generate a predetermined periodic 
signal of transmit pulse amplitude modulated symbols and to apply said transmit 
pulse amplitude modulated symbols to said cosine modulated filter bank (DWMT 
MOD). 

4. Discrete wavelet multi tone receiver (RX) comprising a cosine modulated 
filter bank (DWMT DEMOD) adopted to demodulate received pulse amplitude 
modulated symbols from waveforms, 

CHARACTERIZED IN THAT said discrete wavelet multi tone receiver (RX) 
further comprises means to combine poirs of said received pulse amplitude 
modulated symbols to form received quadrature amplitude modulated symbols 
and means to divide said received quadrature amplitude modulated symbols by 
transmit pulse amplitude, modulated symbols considered pairwise as transmit 
quadrature amplitude modulated symbols to thereby generate samples of an 
estimated channel characteristic of a channel (CHANNEL) between a transmitter 
(TX) and said discrete wavelet multi tone receiver (RX) whereover said transmit 
pulse amplitude modulated symbols are transferred. 

5. Discrete wavelet multi tone receiver (RX) according to claim 4, 
CHARACTERIZED IN THAT said discrete wavelet multi tone receiver (RX) further 
comprises an inverse Fourier transformer, adapted to inverse Fourier transform 
said samples of said estimated channel characteristic. 
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3. Detailed Description of Invention 

The present invention relates to □ method to determine samples of an 
estimated channel characteristic as defined in the non-charaderistic part of claim 
1, a discrete wavelet multi tone transmitter as defined in the non-charaderistic 
part of claim 3, and o discrete wavelet multi tone receiver as defined in the non- 
characteristic part of claim 4, both equipped to perform steps of this meihod. 

An overview of techniques to test or qualify digital subscriber lines is given 
in the article *DSL Loop Test* from the authors Eric Hedlund and Tom Cullman. This 
article was published on pages 48-52 of the August 24, 7998 issue of the 
magazine Te/ephony 1 , and emphasises the importance of testing loops before 
xDSL (any Digital Subscriber Line) services are provided there over. Through loop 
testing line imperfections such as load coils or bridged taps can be localised, and 
noise such as near-end crosstalk or far-end crosstalk can be measured. 
Moreover, knowledge of the channel impulse response facilitates synchronisation 
between the central office and customer premises equipment and setting the taps 
of an adaptive equaliser (equalising the channel characteristic so that the length 
of the cyclic prefixes or suffixes added to data symbols to avoid inter-symbol 
interference remains acceptable) in the receiver. 

The known channel analysis techniques require separate test instruments. 
In the above mentioned article 'DSL Loop Test* a distinction is made between 
single-ended channel testing that requires test equipment only at the central 
office/ ond double-ended channel testing that requires test equipment at both 
ends, i.e. at the customer premises as well as at the central office. Double-ended 
testing requires dispatching of a technician, which is an extra expense that is 
difficult to justify. Amongst the known loop qualification techniques, singe-ended 
testing with test equipment only at the central office and without involvement of 
on-site technicians, is most cost-effective. 
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An object of the present invention is to provide o method to determine the 
chonnel characteristic of a loop which does not require substantial additional 
hardware, i.e. which does not require separate test equipment at the central 
office or at the customer premises, and which also does not require the presence 
of technicians at the customer premises site or the central office site. 

According to the present invention, this object is realised by the method to 
determine samples of an estimated channel characteristic as defined by claim 1, 
the discrete wavelet multi tone transmitter as defined by claim 3, and the discrete 
wavelet multi tone receiver defined by daim 4. 

Indeed, the insight that for a periodic pulse amplitude modulated (PAM) 
signal, transmitted between a discrete wavelet multi tone (DWMT) transmitter and 
a discrete wavelet multi tone (DWMT) receiver, each pair of pulse amplitude 
modulated (PAM) symbols constitutes a quadrature amplitude modulated (QAM) 
symbol that is rotated and attenuated by the channel impulse response of the 
channel over which the signal is transferred, provides an automated way for 
estimating the channel impulse response that does not require substantial 
additional hardware at the central office or customer premises site of a DWMT 
system. At the transmitter's side, a pulse amplitude modulation (PAM) symbol 
generator able to generate a predetermined periodic signal is required and at 
the receiver's side received pulse amplitude modulated (PAM) symbols have to be 
combined pairwise and have to be divided by the pairwise combined 
predetermined transmitted pulse amplitude modulated (PAM) symbols, which are 
tasks that can be performed by the digital signal processing (DSP) functionality 
typically available in DWMT receivers. 

It is noticed that the use of discrete wavelet multi tone DWMT transmitters 
and receivers for high speed digital data transfer over copper lines is/described in 
detail in the article 'Discrete Wavelet Multiione for Copper Line Transmission' from 
the authors O. van de Wiel, L Vandendorpe and M. Peeters. This article has been 
published in the Proceedings of the Wavelet Analysis-. A New Tool in Signal and 
Image Processing* - Symposium, organised by IEEE Benelux Signal Processing 
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Chapter on December 11, 1996 in Antwerp, but does not suggest to use the 
DWMT transmitter and receiver capabilities to determine the channel impulse 
response of the copper line. Also the article 'Wove/ef Analysis' authored by 
Andrew Bruce, David Donoho ond Hong-Ye Goo, and published in the October 
1996 issue of the magazine 7E£E Spectrum' that mentions several applications of 
wavelets including compression, speeding matrix computation, and noise 
removal in signals and images, does not teach to use wavelet technology in 
combination with a particular treatment of a periodic pre-determined pulse 
amplitude modulated (PAM) signal to estimate the channel impulse response of a 
loop over which the pulse amplitude modulated (PAM) symbols are transferred. 

It is to be noticed that the term 'comprising', used in the claims, should 
not be interpreted as being limitative to the means listed thereafter. Thus, the 
scope of the expression 'a device comprising means A and 8' should not be 
limited to devices consisting only of components A and B. It means that with 
respect to the present invention, the only relevant components of the device are A 
and B. 

Similarly, it is to be noticed that the term 'coupled', also used in the claims, 
should not be interpreted as being limitative to direct connections only. Thus, the 
scope of the expression 'a device A coupled to a device B' should not be limited to 
devices or systems wherein an output of device A is directly connected to an input 
of device B. It means that there exists a path between an output of A and an input 
of B which may be a path including other devices or means. 

An additional, optional feature of the method to determine an estimated 
channel characteristic according to the present invention is defined by claim 2 
and claim 5. 

In this way, by inverse Fourier transforming the samples of the estimated 
channel characteristic, a time domain representation of the channel characteristic 
is obtained. 

The above mentioned and other objects and features of the invention will 
become more apparent and the invention itself will be best understood by 
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referring to the following description of an embodiment taken in conjunction with 
the accompanying drawings. 

The discrete wavelet multi tone transmitter 7X of Fig. 1 contains the 
cascade coupling of a pulse amplitude modulation symbol generator PAM 
SYMBOL GENERATOR, o serial to parallel converter S/P, a discrete wavelet multi 
tone modulator DWMT MOD, and a digital to analogue converter D/A whose 
output is coupled to a copper telephone line CHANNEL between the discrete 
wavelet multi tone transmitter TX and the discrete wavelet multi tone receiver RX. 
This discrete wavelet multi tone receiver RX contains between an input terminal 
whereto the copper telephone line CHANNEL is connected and a data output 
terminal the cascade coupling of an analogue to digital converter A/D, a discrete 
wavelet multi tone demodulator DWMT DEMOD, a parallel to serial converter 
P/S and a pulse amplitude modulation symbol decoder PAM SYMBOL 
DECODER. The latter pulse amplitude modulation symbol decoder PAM SYMBOL 
DECODER via a second output thereof is connected to the cascade coupling of a 
quadrature amplitude modulated symbol interpreter QAM SYMBOL 
INTERPRETER, a quadrature amplitude modulated symbol divider QAM SYMBOL 
DIVIDER, and an inverse fast Fourier transformer INV FOURIER TRANSFORMER. 
An output of the inverse fast Fourier transformer INV FOURIER TRANSFORMER 
serves as second output terminal for the discrete wavelet multi tone receiver RX. 

During normal operation, the discrete wavelet multi tone modulator 
DWMT MOD modulates pulse amplitude modulation (PAM) encoded digital 
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date, received ai an input of the discrete wavelet multi tone transmitter TX not 
drown in Fig. 1, on a number of waveforms. The sum of these waveforms is 
converted into an analogue signal by the digital to analogue converter D/A and 
transmitted over the telephone line CHANNEL towards the discrete wavelet multi 
tone receiver RX. In the discrete wavelet multi tone receiver RX, the received signal 
is sampled by the analogue to digital converter A/D and the waveforms are 
demodulated by the discrete wavelet multi tone demodulator DWMT DEMOD. 
The so generated pulse amplitude modulation (PAM) encoded symbols are 
serialised by the parallel to serial converter P/S and are decoded by the pulse 
amplitude modulation symbol decoder PAM SYMBOL DECODER before they are 
outputted. 

To measure the channel characteristic of the channel CHANNEL between 
transmitter TX and receiver RX, a periodic signal of M waveforms modulated with 
M pulse amplitude modulation (PAM) encoded symbols is transmitted over the 
channel CHANNEL between the discrete wavelet multi tone transmitter TX and 
the discrete wavelet multi tone receiver RX. The M predetermined pulse amplitude 
modulation (PAM) symbols are generated periodically by the pulse amplitude 
modulation symbol generator PAM SYMBOL GENERATOR, and are modulated 
on the M waveforms by the discrete wavelet multi tone modulator DWMT MOD. 
In the receiver RX, the discrete wavelet multi tone demodulator DWMT DEMOD 
and the pulse amplitude modulation symbol decoder PAM SYMBOL DECODER 
respectively demodulate the received pulse amplitude modulation symbols from 
the M waveforms and decode the pulse amplitude modulation symbols, just like 
they received normal data. The decoded pulse amplitude modulation symbols 
however are supplied to the quadrature amplitude modulation symbol interpreter 
QAM SYMBOL INTERPRETER that combines the received PAM symbols pairwise to 
constitute QAM symbols. From these QAM symbols, the channel attenuation and 

k 

channel phase at the M frequencies — - (herein T represents the sample periods 

M.T 

and k is an integer index whereby k = 1 ... M) can be derived by solving a linear 
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set of equations describing the input-output relation of the channel CHANNEL 
This set of equations is solved by the quadrature amplitude modulation symbol 
divider QAM SYMBOL DIVIDER that divides the QAM symbols constituted by the 
quadrature amplitude modulation symbol interpreter QAM SYMBOL 
INTERPRETER through pairwise combining the received PAM symbols by QAM 
symbols constituted by pairwise combining the predetermined transmitted PAM 
symbols that were generated by the pulse amplitude modulation symbol 
generator PAM SYMBOL GENERATOR and that are periodically modulated on 
the waveforms in the channel characterisation mode. M samples of the channel 
frequency response PIR are thus calculated by the quadrature amplitude 
modulation symbol divider QAM SYMBOL DIVIDER. M samples of the time 
domain channel impulse response CIR are obtained by inverse Fourier 
transforming the M samples of the channel frequency response FIR. This is the 
task of the inverse fast Fourier transformer INV FOURIER TRANSFORMER in the 
discrete wavelet multi tone receiver RX. 

The above described way of measuring the channel characteristic of a 
channel CHANNEL is based on the insight that for a periodic pulse amplitude 
modulated (PAM) signal transmitted between a discrete wavelet multi tone 
transmitter TX and a discrete wavelet multi tone receiver RX, each pair of pulse 
amplitude modulated (PAM) symbols forms a quadrature amplitude modulation 
(QAM) symbol that is rotated and attenuated by the channel response at 

frequency of the channel over which the signal is transferred. This insight is 

M.T 

derived mathematically in the following paragraphs. 

As depicted in Fig. 2, the discrete wavelet multi tone modulator DWMT 
MOD is supposed to be made by the synthesis part of o maximally decimated 
filter bank composed of M FIR (Finite Impulse Response) filters f p [n] of length 

N=2KM, K being an integer value. In the sequel, M is restricted to be even. In the 
receiver RX, the discrete wavelet multi tone demodulator DWMT DEMOD is 
formed by the analysis port of a filter bank whose filters are the time reversed 
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versions of the synthesis ones: h p [n] = f p [N-n-l]. Every M samples □ set of M 
pulse amplitude modulation (PAM) symbols I", p being an integer values with 
values p == 0 ... M-l, is modulated on the waveforms f p . Hence, the continuous 
transmit time domain signal can be written as: 

-mo M-l 

■W-E E E lp.f P [n-mM}p(t-nT) <1) 

Herein: T represents the sampling period; 

M represents the number of waveforms; 

p(t) represents the interpolation pulse; 

f p [n] represents the synthesis filter of the p-th waveform; and 

n ; m and p are integer indices. 
The signal s(t) is transmitted over the channel CHANNEL that will be modelled by 
an impulse response c(t) and noise n(t) added at the receiver input as shown in 
Fig. 2. The signal at the input of the demodulator DWMT DEMOD hence is given 
by: 

r(l) r s(t)®c(t)+n{i)) 

= 1 IE lp.f p [l-mM}c(t.lT) + n(t) (2) 



p-0 

M-l 4« 

= EE'p-9p^( t - mMT )) +n ( t ) 

p«0 n 



Herein: 

® represents the convolution; 
I is an integer index; 

c(t) represents the channel impulse response; and 
g p ^(t) represents the composite channel, defined as: 

8 w (0=EU)c(t-lT) (3) 
uo 

The symbols generated at the transmit side, i.e. the PAM symbols modulated on 
each waveform, are time invariant, so l p = l p for all m. Moreover, a function 
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c fa,d (l) can be defined, thai is the folded version of the channel c(1) with a period 
MT: 

c Wd (t)= £c(»-mMT) (4) 
and a folded version of the composite channel can be defined as follows: 



(5) 
uo 

With the definitions (4) and (5), the signal at the input of the demodulator DWMT 
DEMOD is given by: 

Kt)=ZU£,0Mt) (6) 



The signal r[t) is synchronously sampled at a frequency ~ and digitally filtered by 

the analysis fitter bank. The signal at the output of the q-th analysis filter then is 
given by: 

x q [n] = r(n'T)® h q [n']+- n(n'T)® h Jn'] + Tj q [n] 
= Ilp-S£(*T)®h,[n']+n q H 

P-0 

Herein: rijn] represents a random variable with zero mean corresponding 
to the noise n(t) sampled and filtered by the filter h q . Because of its periodicity, 
g^(n'T) can be developed by an M points discrete Fourier Transform, which 
leads to: 

M p-0 k-0 

By using the equality in (9), 

e^^hJn^H^.e 3 ^ (9) 
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2^ 

wherein H qk is the z- transform of the filter hjn'j taken at z = e M , equation. {8J 
can be reformulated as: 

Gp^jk] can be calculated by noticing that: 



(10) 



M> MM 



01) 



Herein, DFT represents the Discrete Fourier Transform operator, and DFTj is a 
Discrete Fourier Transform taken on the block of samples with index iM till 
(i+l)M-1. By taking the Discrete Fourier Transform of equation (11) the 
coefficients G^,[k] are obtained: 

G^M=DFT(c^^|W(f p )lk]] (12) 

2K0 ( i • V \ 

By noticing that £DFT ; (f p )[k] = F p e with F p (r) being the z-transform of 
-o ' \ ) 

f [n], the outputs of the demodulator as a function of C k , whereby C k is defined 
asQ =DFT(c Wd Ik] / are given by: 



.c k +njn] 



(13) 



Herein, the notation F Pfk is used with a meaning similar to H pM . 
The outputs of the analysis filter banks are downsampled at the instant mM-1 . 
The nvth output of the q-th branch of the analysis filter bank is then given by 
equation (14): 
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1 M-l f M-1 N 



(14) 



T M-l 



/ M , 



2.9J 



+ F BJD .F qJ )- c o +F m-F m-Cm 



The derivation of equation (14) is done thanks to the time reversed property of 
the analysis filter bank. By taking the mathematical expectation of Xj\ the noise 
terms disappear, which leads to the following expression for the mean value at 
the output of the q-lh branch of the analysis filter bank is given by: 



1 AM 

m£s p 



By defining the real column vectors 
X = [X 0 X, ... Xj and 













V / 



(15) 



C = 



C 0 JR(C,) 3(C,) 9»(C 9 ) 



C T 

2 J 



the set of M equations of expression (15) can be rewritten in matrix format as: 

X = 5R.C (16) 
Herein 5R represents a square matrix of dimension M, defined as: 

Vf, 0 for i = 0 

2»(b,.F* y ) 
•23(b,.F' u ) 

for j = M-l 



forj = 2l-lwithl = l...y-1 
forj = 2lwithl = l...^-l 



(17) 



3 '"I 



Herein: 



] M-l 



(18) 
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Therefore, if *H is reversible and the transmit symbols l p are constant ond known, 
c fold [n] can be computed at the receiver RX by constructing the matrix 
according to the synthesis filter banks f p and transmit symbols l p , inverting the SI 
matrix for computing the real vector C, generating complex values C k with k - 1 
... M-1 by using the relation C M4 = C \ , and taking the IDFT of the M values C k 
for computing the M real values c^n]. The folded channel will be a good 
approximation of the real channel if the sampled impulse response of the 
channel is shorter than M samples. 

In general, the system to invert is a linear system of M equations in the M 
unknown of the vector C. This system can be simplified for cosine modulated 
filter banks if the low pass prototype has been optimised by maximising the 
stopband attenuation. Indeed, the properties of a trans multiplexer are strongly 
dependent on the synthesis and analysis filter banks. A usual choice are the 
cosine modulated filter banks because they can be implemented with a fast 
transform and allow good spectral containment. Each synthesis filter f k [n] is 
made by the modulation of a real low pass prototype, h[n], as shown below: 

fJn] = h[nl^.coscD k (n + B k ) (19) 
at the frequencies: 

-•H)k 1201 

Herein, 9 k is a set of phases that depends on the filter bank choice. The low pass 
prototype has a length of N=2KM samples with K an integer value called the 
overlap factor, and is symmetric so that h[n] = h[N-n-l]. By further imposing 
constraints on the prototype and the phases, it is possible to design filter banks 
with the perfect reconstruction property. In the sequel, the spectral properties of 
the analysis and the synthesis filters will be useful. Their z-transform can be 
derived and are given by: 
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F k d) = ■ fr* .H(ze'"> ) + •* .H( 2 e^ )) (21) 

H k (z) =F k (z')z-" 

= JjL . ( e * .h(z-V'^ )+ e»' .H(z-'e^ }z™ ^ 

N.1 

Herein: H(z) = ^h^z"" represents the z-transform of the prototype. 

Because the low pass prototype is symmetric and real, its z-transform has the 
following property on the unity circle: 

H a (e fe ) = |H(e s ] 2 .e^ (23) 

with 6 being a real angle. 

The assumption that the real low pass prototype h[n] is optimised by maximising 
its stopband attenuation, defined as the energy above #he cut off frequency ~, 



can be written mathematically as: 



rf|6mod 2tt| : 



M 



(24) 



By neglecting the small terms in F p> and by taking into account the property (23) 

of the low pass prototype, equation (15) can be rewritten as: 
1 



X 0 =^Jo.F 0 2 ftC 0 



M 2 

: M 5 





J 














A 




2 


7 















(25) 



M 



For cosine modulated filters 8, k - 8 2k . t + - v " " - — for k= 1 ... — -1. If the 



(N - l)it _ 11 
2M 2 " 2 

transmitted quadrature amplitude modulated (QAM) symbols are defined as 
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Z k = l 3k ., -jl 3k and 1he received quadrature amplitude modulated (QAM) symbols 

M 
2 



M 

are defined as Q k =X 3kJ -jX 3lt for k— 1 ... — -1, then the equations (25) can 



be rewritten in the elegant form: 

X,., =T7.ImX,(-1)C m (26) 
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^.C k fork = l...^-l 



This last set of equations (26) shows that for a periodic signal, each pair of 

waveforms (2k-l, 2k) with k= 1 ... forms a quadrature amplitude 

modulated (QAM) symbol that is rotated and attenuated by the channel 

frequency response at the frequency — and scaled by a factor dependent on 

MT 

the low pass prototype. 

This property of filter banks can be easily understood in the frequency 
domain. The periodicity of the sampled transmit signal reduces its spectrum to a 

Dirac comb with a period equal to The spectral selectivity of the synthesis 

M 

and anolysis filters, expressed by the assumption [24), insured that the 

27ik 

component at the frequency — - of the transmit signal is mainly due to the 

M 

synthesis filters f 2M and f ?k , and interferes mainly with the analysis filters h 2k0 
and h 2k . That explains why the symbols Z k and Q k are related in the equation 
(26). Therefore, equation (26) gives a straightforward way to measure the folded 
channel impulse response c M \r] with n=0 ... M-l if a time invariant signal is 
transmitted over the channel and analysed at the receiver side. First, the outputs 
of the demodulator DWMT DEMOD are combined to form quadrature amplitude 
modulated (QAM) symbols Q k . Then, these received QAM symbols ore divided 
by the transmitted symbols, also considered as quadrature amplitude modulated 
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(QAM symbols, and scaled by a constant factor to give an estimate C k with k = 

1 ... Tne DC and Nyquist components are calculated by the first two 

equations in expression (26). Finally, on M-points inverse Fourier Transform is 
performed on the channel transfer function to lead to the folded channel impulse 
response. 

Although reference was made above to DSL (Digital Subscriber . Line) 
technology used for transmission over twisted pair telephone lines, such as ADSL 
(Asynchronous Digital Subscriber Line), SDSL (Synchronous Digital Subscriber 
Line) systems, HDSL (High Speed Digital Subscriber Line) systems, VDSL (Very 
High Speed Digital Subscriber Line) systems, and the like, any skilled person will 
appreciate that the present invention also can be applied in for instance cable 
based or fibre based communication systems, provided that a multi-carrier 
linecode based on filterbanks is used for transmission of data thereover. 

Furthermore, it is remarked that an embodiment of the present invention is 
described above rather in terms of functional blocks. From the functional 
description of these blocks it will be obvious for a person skilled in the art of 
designing electronic devices how embodiments of these blocks can be 
manufactured with well-known electronic components. A detailed architecture of 
the contents of the functional blocks hence is not given. 

While the principles of the invention have been described above in 
connection with specific apparatus, it is to be clearly understood that this 
description is made only by way of example and not as a limitation on the scope 
of the invention. 

4. Brief Description of Drawings 

Fig. 1 depicts o functional block scheme of an embodiment of the discrete 
wavelet multi tone transmitter TX according to the present invention and a 
functional block scheme of an embodiment of the discrete wavelet multi tone 
receiver RX according to the present invention. 

Fig. 2 depicts the synthesis part and analysis part of a maximally 
decimated filter bank used respectively in the discrete wavelet multi tone 
modulator DWMT MOD and discrete wavelet multi tone demodulator DWMT 
DEMOD of the embodiment of the present invention drawn in Fig. 1. 
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Fig. 1 
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1. Abstract 

To determine the channel characteristic of a channel (CHANNEL) between 
a transmitter (TX) and a receiver (RX), a predetermined periodic signal of pulse 
amplitude modulated symbols is modulated on waveforms by a cosine 
modulated filter bank (DWMT MOD) in the transmitter (TX), and the waveforms 
are transmitted over the channel (CHANNEL). In the receiver (RX), the received 
pulse amplitude modulated symbols are demodulated from the waveforms by a 
cosine modulated filter bank (DWMT DEMOD), pairs of the received pulse 
amplitude modulated symbols are combined to form received quadrature 
amplitude modulated symbols, and the received quadrature amplitude 
modulated symbols are divided by the transmitted predetermined pulse 
amplitude modulated symbols considered pairwise as transmit quadrature 
amplitude modulated symbols. So, samples of the channel characteristic are 
generated. 



2. Representative 
Fig. 1 
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